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ABSTRACT 


This approach to understanding the how and why of 
gravity presents a causal explanation for 
gravitational effects. It is based on the tenant of 
special relativity that E = pe for massless particles 
and the concept that graviton momenta are the 
fundamental particles of gravity. 


Section 1.Overview.The detection of gravitational waves (GWs) 
began in 2015 with their first detection by the LIGO-VIRGO Collaboration 
and has resulted in the detection of over 100 subsequent GWs. Thus far, 
only one detection, GW1708172, has been accompanied by concurrent 
detection of light from the same source. The detections by the three GW 
detectors of LIGO-VIRGO and many more observatories in the light 
community provide strong support for the conclusion that GWs travel at the 


speed of light. 


'A.B., University of Notre Dame, 1965 

J.D., University of Louisville, School of Law, 1968 

B.S. 2005, M.S. 2011, PhD Candidate, University of Louisville, Dept. of Physics & 
Astronomy 

? This paper is intended for a general public audience as well as to the community of 
scientists interested in gravitational theory. For the scientific community, the necessary 
references can be found in my PhD Dissertation which | will provide upon request. 


1 


Gravity is a forces of nature that results from massless particles. The 
other two generally recognized massless forces of nature are the 
electromatic force of photons and the nuclear force of gluons. Gluons have 
the most energy, but they are primarily confined within protons and 
neutrons. Photons occupy the energy range below gluons. And gravitons 
compose the smallest energy range in the spectrum of massless particles. 
Their energy is approximately 10°° compared to the energy of photons of 
the same frequency—based on the relative strength of the electromagnetic 
and gravitational forces between the electron and proton in the Hydrogen 
atom under Coulomb’s Law and Newton’s Law of Gravity respectively. The 
gap between graviton and photon implies a similar gap in their energies 
using Einstein’s Special Relativity for massless particles: E = pc. Although 
the energy of individual photons can be captured and evaluated by CCD’s, 
we do not have any devices capable of measuring the energy of gravitons of 


the same frequency but with 10°° less energy. 


We are at a stage of Einstein’s 1905 discovery of the photoelectric 
effect. Ultimately, our understanding of Faraday’s Law was enhanced by 
the detection of individual photons carrying momenta causing the 
mechanical effects of magnetism. By contrast, Einstein’s Theory of General 
Relativity (GR) provides only a geometric description of the effects of 
gravity, but it does not explain why gravity works in the way it does. The 
approach provided in this article addresses the physical causation of gravity 


by understanding gravitons as the quanta of the gravitational force. 
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By adopting the definition of gravitons as the particles responsible for 
the effects of gravity and by reconsidering the ancient assumption accepted 
by Aristotle, Newton and Einstein that gravity is an attractive force, but 
retaining Einstein’s Special Relativity for massless particles with E = pc, a 
new perspective emerges for assigning the effects of gravity to gravitons as 
the force-carrying particles causing gravity. 

This paradigm simply reverses the direction of gravitational force 
recognizing gravity as a push rather than a pull. It resolves the causation 
issues of Dark Energy and Dark Matter, obviates the infinity imposed by 
General Relativity at the center of a Black Hole, and replaces the Mach 
Principle with a physical explanation for inertia. All these results arise from 
understanding gravity from the perspective of gravitons, photons and 


gluons differing only in their energy scales. 


Section 2. Fundamentals. The first issue is to recognize gravitons as the 
quanta of momentum pursuant to Einstein’s Special Relativity for massless 
particles: E = pc, where p is momentum. Momentum for massive particles is 
simply p = mv, mass times velocity. This expresses the force of a massive 
object in motion. And the novel understanding advanced here is that pc for 
a graviton is a repulsive force. And momentum is always in a forward 
motion. 

At the quantum level, a graviton is a quantum of momentum that can 


be transferred to a particle of mass encountered by the graviton. Because 


the energy of a graviton is so small, large numbers of them are necessary to 
produce effects on a human scale. 

We know that photons exert pressure when their momentum is 
absorbed by mass. The photoelectric effect described by Einstein is an 
example of photons having sufficient momentum-energy to knock electrons 
out of their atomic orbits and create an electric current. By comparison, it 
would take a graviton of the same frequency to have 10°? times as much 
energy to knock that photon out. But then, we would call it a photon! Yes, 
photons, gravitons and gluons are identical except for their energy ranges. 
They behave the same way when they are free. For that reason, they can be 


designated collectively as ergons, meaning particles of momentum. 


At the present we do not have detectors capable of detecting 
gravitons. CCDs can’t do it, and I conjecture that it will take a century or 
more to develop such sensitive detectors. That obstacle gives the physics 
community a basis to deny the graviton approach to understanding gravity. 
But they are the Doubting Thomases who insist on proof that is not yet 


available. 


So, I respectfully request of the reader the same “willing suspension 
of disbelief” that brings enjoyment for theater, movies and television. The 


rationality of Quantum Gravity is yet to be fully presented. 


3] propose that we consider a fourth ergon to fill the energy gap between 
photons and gravitons. The gap we are aware of is in the Casimir Effect 
range; and casons would be the ergons for that effect. 
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Section 3. The Approach and Concepts in the Perspective of Gravity 
via Gravitons. There are four significant issues regarding GR’s approach to 
gravity: Dark Energy, Dark Matter, Inertia and the prediction of GR fora 
Black Hole with a single dimensionless point containing all the mass inside 
the Event Horizon. The perspective of gravity via gravitons addresses each 
of these problems by proposing that a sufficient number of gravitons are 
produced from the vacuum energy to provide reasonable explanations for 
the current issues. As a first step, consider the production of and number of 


gravitons. 


A. Graviton Population. The phenomenon of creation of a pair of 
particles from the vacuum energy is recognized, although the mechanism 
has yet to be fully explained. In the case of the creation of a pair of massless 
particles, only their oppositely directed momenta are involved. In the case 
of photons, there are billions of them in a lighted room. And there are 
possibly 10°° times as many gravitons in the same volume. It may be fewer 
because massless particles interact with mass and, to some extent, with 
other massless particles. It gets messy. Some graviton interactions may 
result in their energy being fully absorbed into the momentum of the 
massive object by a direct collision. In other cases, there may be only a 
glancing interaction leaving the graviton with less energy (i.e., lower 
frequency). The effects of these direct and glancing interactions would 
likely cause a reduction of the number and energy of gravitons. However, 


ongoing creation of gravitons from the vacuum may maintain the graviton 
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population at or near 10°%° per photon; and perhaps not. But, in either event, 
gravitons remain vastly more numerous than photons or gluons. The 
resulting picture emerges of an ocean of gravitons traveling in random 


directions throughout the observable universe. 


B. Inertia. To get a sense of inertia, recall Newton’s idealization of a 
uniform hollow sphere of mass. There is no other mass outside or inside the 
sphere. The result is that, if a soccer ball is placed anywhere inside the 
sphere, it will feel no net gravitational attraction. A similar result would 
happen if the soccer ball were placed in an ideal uniform ocean of gravitons. 
It would remain motionless because the force of gravitons coming uniformly 
from all directions in this idealization balances out. Next put in a baseball 
some distance away. Newton and Einstein would have said that the two 
balls attract each other and come together. But they could provide no 
explanation for the nature of the force they described as action-at-a- 
distance. The acceptance of that premise reminds me of the Emperor’s New 
Clothes. The time is ripe to reconsider not just how gravity works, but to 
answer why gravity behaves as it does. Instead, consider the likelihood that 
gravitons interact by transferring some or all of their momentum-energy to 
the mass of each ball. The gravitons are absorbed or scattered. 

When the soccer ball was alone, all the graviton forces balanced out 
and the ball remained stationary. But with two balls present, a different 


result emerges. One ball is more massive than the other. Imagine a cone 


that holds both balls. Adjust the point of the cone to a distance where the 
surface of the cone contacts both balls. Next take away the shell and 
everything but the two balls. Add the concept of a cloud of gravitons 
surrounding the balls out to infinity—an ocean of nothing but the balls and 
gravitons, with the gravitons raveling uniformly in all directions. As 
gravitons are absorbed or scattered as they pass through each ball, the 
result is that the graviton pressure from the exterior of the two balls will be 
greater than the pressure on the interior side of the balls. The interior flux 
has been reduced by absorption and scattering of gravitons by the masses 
of the balls. The net result is a simplified picture of gravity’s effect. See the 


Figure below taken from a previous paper: 


Figure 2. Two ideal spheres of equal density differ in mass by a ratio of 
1:8. The grey area populated by long, narrow, double headed arrows 
represents the volume through which the paths of gravitons pass 
through the spheres. Two outer arrows each indicate the 100% influx of 
gravitons and the two inner arrows represent the percentage of 
unscattered flux that made it through the each sphere. 


The result is that the push from the outside (100%) is more than the push 
from the inside reduced by 99% or 5% in the hypothetical, and the two balls 
will move toward each other as illustrated in the Figure above. (Figure 2 Is 


copied from a previous paper). 


C. Dark Matter. Fritz Zwicki made an important observation in 1933, 
he notice that light from the Coma Cluster could account for only about 40% 
of the mass of the galaxies in the cluster. He attributed the phenomenon to 
“dark matter.” But his explanation was generally rejected. It was not until 
the 1970’s that Vera Ruben’s observations of the flat rate of rotation curves 
of an individual galaxy supported Zwicki’s conjecture about Dark Matter. 
Ruben’s subsequent observations of additional galaxies led to her 
conclusion that the ratio of light to dark matter differsby a factor of 1 to 10. 
This meant ten times more dark matter than the visible matter. The 
assumption of invisible matter persists to this day without detection of 
material objects. However, graviton interaction with visible matter provides 
an alternative that dispenses with the need for Dark Matter. 

Figure 2 above provides an insight that dispenses with dark matter. 
Imagine that the two balls are two galaxies instead of a soccer ball and a 
baseball. The same mechanical action of gravitons produces more pressure 
from the outside than from the inside. Clusters of galaxies like Fritz 
Zwicki’s are held together in the same way by a push of gravitons inward 


that is greater than the weakened push from within. The conclusion here is 


that Dark Matter is not matter and should be recognized as a consequence 
of graviton flux to replace an incorrect conjecture about the existence of 
undetected mass. The conclusions of Zwicki and Ruben deserve respect 
given the state of knowledge when they made their observations. But, with 
the detection of GWs beginning in 2015, it is logical to compare gravitons to 
photons and realize that the force of large numbers of gravitons is capable 
of correctly describing the mechanics of gravity. It is time to overturn the 


unverified assumption about Dark Matter. 


D. Dark Energy. Observations of the accelerating expansion of the 
visible universe have been given the term Dark Energy. The term “dark” is 
intended to indicate that we are unable to detect light or other information 
giving us a physical explanation for the force involved. But the picture of an 
ocean of gravitons traveling in all directions at the speed of light, presented 
in Subsection A above provides a causal basis for the expansion of the 
visible universe. As noted previously, the energy to create a graviton is 10°° 
of that to produce a photon of the same frequency. Massive objects away 
from the gravitational barycenter of our Universe will all be subject in the 
aggregate to be pushed outwardly by gravitons. “Local” areas of the 
Universe the size of galactic clusters will generally be headed outward. 
However, is some cases, the interaction of galactic clusters with each other 
may cause some deviation from their directly outward motion, but the 


overall effect continues to be outward, This explanation for Dark Energy is 


an elegant approach by which gravitons can provide the power/momentum 


that is expanding our local Universe. 


E. The Infinity in GR. The futile efforts by experts in physics, 
including Nobel Laureates, to reconcile General Relativity and QG are 
chronicled in Sabina Hossenfelder’ s book surveying the leading experts in 
that attempt. It is appropriately titled “Lost in Math”. That confusion areses 
from using the concept of curvature of space-time to account for the 
strength of a gravitational field. Einstein’s frustration about unifying GR and 
quantum mechanics (QM), was expressed in his EPR paper. Unfortunately, 
Einstein never happened upon the concept of gravity via gravitons. His GR 
leads to the mathematical conclusion that the matter inside an Event 
Horizon (EH) of a Black Hole will be crushed by the gravitational force 
reaching infinity in a single dimensionless point at the center of gravity of 
the Black hole. This unobservable and unexplained mystery of GR can be 
rationally resolved not by increasingly mathematizing the issues but, rather, 
by simplifying our understanding of gravity via the mechanical action of 
gravitons as addressed in Section 2 above. 

The picture that emerges from the perspective of gravitons is one 
where the force of the gravitons is sufficient to compress the mass inside 
the EH but insufficient to compress it into a single point. Under the present 
understanding of particle theory, the limit of compression would consist of 


quarks surrounded by gluons. The central force is the difference of the 
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linear forces coming from each direction toward the quark-gluon cluster. 
And such a force would create the densest form of matter that we can 
currently envision. But we may ultimately be able to form an estimate of the 


mass of the gluon cluster by subtracting the mass outside the EH. 


Section 4. Conclusion. The human mind is capable of imagination. It is 
also capable of imposing rational limits to avoid the plausible impossible. 
We can reconcile GR by merely adding a minus sign to one side of the 
equation. In the meantime, why not begin the process of exploring and 
developing further the approach of using the perspective of an ocean of 
gravitons throughout the universe to provide the explanation for the form of 
energy we call gravity. It does turn the world perspective of gravity upside 
down. It is definitely different and yet is more rational than GR’s assumption 
that space is curved by the mere presence of mass. Gravity via gravitons 
provides a mechanistic model for the smallest mass level. In the meantime, 
the details of gravity may be worked out by treating it as an inviscid fluid 
with Euler’s Equation. GR can remain useful by reversing the direction of 
gravity. Gravity is invisible ether way, but gravitons pushing mass has 
greater explanatory power to address both how and why it works in the 


manner we observe. 
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